Experimental results are reported showing the dependence of the U.V. induced enhancement of recombinants on the presence of the functional 0 gene product. This fact is tentatively interpreted as a replication dependence of the U.V. induced recombination .
INTRODUCTION
The frequency of genetic recombination among lambda bacteriophages is increased by U.V. irradiation as shown by Jacob and Wollman . These authors proved also that this increase can be reversed by photoreactivation during the early phase of phage infection. One can, therefore, infer that some relationship must exist between this enhancement in recombination and the existence of U.V. induced pyrimidine dimers in parental phage DNA . Baker and Haynes studied this increase in recombination frequency using HCR + and HCR~ bacteria, and showed that recombination events affect the neutralization of U.V. lesions both on HCR and HCR strains, and that recombination affecting this neutralization must occur before the completion of repair.
On' the other hand, Rupp et al. proposed that, during recombination repair in E.coli, two main steps must occur:
i) "Replication of DNA chain, leaving gaps opposite the original damage".
ii) "Sister exchange involving a single strand of each duplex, that may insert the correct base sequence into the gap opposite the pyrimidine dimer, and thus promote the reconstruction of a genome with the complete base sequence needed for the survival of the colony-forming ability".
In the light of the above works the present paper lias been aimed at looking for the possible existence of a relationship between the DNA replication and the increase in genetic recombination in multiple infection of U.V. irradiated lambda phages.
We have performed genetic crosses of U.V. irradiated lambda phages in mutant E.coli strains known to be HCR and we compared the results with those obtained in HCR host. Moreover, in order to ascertain whether DNA replication is needed for the expression of the U.V. induced enhancement of genetic recombination, we also performed crosses where DNA replication of lambda phage was blocked by using a thermosensitive lambda mutant whose DNA does not replicate at 40°C.
MATERIALS AND METHODS
Phage strains -The following lambda phage sus mutants have been used in the crosses related to this paper: A sus N919 Sus rei. umbinants were selected on the non permissive q bacterial strain fc.coli 594 (Campbell ) . The titer of the lysates was scored on the permissive bacterial strain C600 (Appley a r d 1 0 ) .
Media -TA_ soft agar and TA, 7 Table I . ii) In uvr system within the dose range we explored, the above ratio maintains its high, almost constant, value.
On the other hand, from the results shown in Fig.l(b) one sees that for similar values of U.V. dose a sharp increase occurs in the recombination frequency in uvrA , while a saturation is reached for uvr bacteria. Table I Average value of absolute number/ml, of recombinants R(o) in non irradiated controls. enhancement of genetic recombination, we performed the already described crosses by using phages in which a thermosensitive mutation 0-g (t_s) had been added to both parents.
As it is well known, the 0-gene product is absolutely ne- Fig.2(a) Comparing the results in Fig.2(a) with those in Fig.2(b) one can deduce that, under 0 conditions, there is a decline in the number of parental types which parallels the decline in recombinants. This fact could lead one to think that the Ot_s effect could be simply that these deficient infections were abortive because of the combination of thermal treatment and U.V.
Curves in
irradiation. In order to see whether this was the case or not we performed single infection survival experiments with our Ots mutants, where single infected bacteria were incubated in TAâ nd kept at 40°C in small tubes. After 120' incubation, plating bacteria were added and the cultures were directly plated and incubated overnight at 30°C.
The absence of lysis during the incubation time at 40°C of single infected bacteria was carefully ascertained through control cultures maintained at 40°C in TM. After 120' incubation CHC1, was added to these last cultures that were left a few more minutes at 40°C in order to let the chloroform set while l ft the cultures were at 40°C .
The results of the above experiment are reported in Fig.3 together with: 1) the survival of 0_t£ phages at 30°C without preincubation at high temperature; ii) the total progeny of our crosses performed under non replicative conditions.
As can be immediately seen, from single infection experiments no degradation is caused by the combination of U.V. irradiation and high temperature preincubation in uvr while a very -19 slight one is exhibited in uvrA system . Moreover, above a certain U.V. dose, the rate of decrease in the crosses progeny starts to be lower than the rate of decrease of survival in single infection. This behaviour is in agreement with the interpretation we have given for the high value of recombination fre- DAB1886 uvrA" 40°C The dashed lines represent the total surviving progeny for crosses under not replicative conditions respectively in uvr + and uvrA" bacteria. Because of the procedure followed in our crosses (see Materials and Methods), the curve for the total surviving progeny could not be obtained by merely reporting the lysate titer on permissive bacteria. In fact fluctuations in the recovery after the centrifugations, should have brought about meaningless curves. The dashed curves have therefore been obtained from Ots^" curves reported in Fig.2(a,b) by using the following relation:
quency obtained under non replicative conditions. Indeed if the above increase in recombination frequency was to be ascribed to the fact that dimers behave as recombination promoting centers, the difference between crosses progeny and single infection survivors should have started from the lowest U.V. dose rather than when, according to our interpretation, phage rescue, due to recombination, starts to be dominant. ratio. This effect is in agreement with a plausible lower efficiency of the 0 gene product for 0_^s mutants also at 30°C.
By comparing our experimental results obtained with nonthermosensitive mutants at different temperatures, the presence of thermal effects is evident. Although an explanation of these effects is beyond the aims of the present paper, they might tentatively be related to thermal effects on DNA replication. The interpretation we have given of our results is also consistent with the results of the very thorough work of Baker 2 2 and Haynes . We think in fact that the differences they obtain-ed between uvrA viability index curve and their reference curve, could also be explained in terms of an increase of the viable X*P. progeny through recombination among replicated and/or non-replicated X'P phage.
-

IO-
Moreover our results are in agreement with the results of Howard-Flanders and Lin on the absence of pyrimidine diraers induced recombination in repressed phage X.
